A series of benzotriazole derivatives (compounds 1-27) were synthesized, and 24 (compounds 1-5, 9-27) of which were first reported. Their chemical structures were confirmed by means of 1 H NMR, IR and elemental analyses, coupled with one selected single crystal structure (compound 1). All the compounds were assayed for antibacterial activities against three Gram positive bacterial strains (Bacillus subtilis, Staphylococcus aureus and Streptococcus faecalis) and three Gram negative bacterial strains (Escherichia coli, Pseudomonas aeruginosa and Enterobacter cloacae) by MTT method. Among the compounds tested, most of them exhibited potent antibacterial activity against the six bacterial strains. Most importantly, compound 3-benzotriazol-1-yl-1-(4-bromo-phenyl)-2-[1,2,4]triazol-1-ylpropan-1-one (19) showed the most favourable antibacterial activity against B. subtilis, S. aureus, S. faecalis, P. aeruginosa, E. coli and E. cloacae with MIC of 1.56 μg/mL, 1.56 μg/mL, 1.56 μg/mL, 3.12 µg/mL, 6.25 µg/mL and 6.25 µg/mL, respectively.
Introduction
Heterocyclic compounds containing nitrogen atoms are considered to be one of the most effective antimicrobial drugs used either as single agents or in combination for cancer therapy. 1, 2 Recent study showed that several benzotriazole and 1,2,4-triazole derivatives represented an interesting class of heterocycle 3 and became the most rapidly expanding group of antifungal compounds with the advantage of low toxicity, high oral bioavailability and broadspectrum activity. [4] [5] [6] Moreover, a variety of benzotriazoles have been reported to inhibit the growth of some microorganisms and some benzotriazole derivatives show anti-inflammatory properties. 7 In addition, Touami et al also reported that the conjugates of benzotriazole derivative photonucleases and DNA minor groove binders, exhibiting enhanced cleavage efficiency and unique selectivity. 8 A class of stable benzotriazole esters was also reported as mechanism-based inactivators of SARS-3CL pro , which has been shown to be essential for replication of SARS virus. 9 Besides, it has been proposed but not yet demonstrated that the benzotriazole derivatives have the effect on cancer development. 10 N-Substituted benzotriazoles exist as two isomers: 1H-and 2H-substituted. It is generally agreed that 1H-substituted dominated in solid and solution, whereas the proportion of the 2H-tautomer increased in the gas phase. 11 However, the energy difference between the two isomers is very little. 12 Similarly, benzotriazoles containing Mannich bases have recently been synthesized also by amine exchange reactions, from the N,N-dimethylamino propiophenone hydrochlorides and benzotriazole, respectively. 13 In this paper, 24 novel compounds containing 1Hbenzotrizole were synthesized and screened for their antibacterial activities against three Gram positive bacterial strains (Bacillus subtilis, Staphylococcus aureus and Streptococcus faecalis) and three Gram negative bacterial strains (Escherichia coli, Pseudomonas aeruginosa and Enterobacter cloacae) by MTT method. Fortunately, we found that most compounds showed potent antibacterial activity against the six bacterial strains. Most importantly, compound 3-benzotriazol-1-yl-1-(4-bromo-phenyl)-2-[1,2,4]triazol-1-yl-propan-1-one (19) showed the most favourable antibacterial activity against B. subtilis, S. aureus, S. faecalis, P. aeruginosa, E. coli and E. cloacae with MIC of 1⋅56 μg/mL, 1⋅56 μg/mL, 1⋅56 μg/mL, 3⋅12 μg/mL, 6⋅25 μg/mL and 6⋅25 μg/mL, respectively.
Experimental

General
1 H NMR was recorded on a 500 MHz JEOL FX-90Q NMR spectrometer in CDCl 3 as a solvent and with TMS as an internal standard. Melting points were measured on a Yanaco MP-500 melting point apparatus and were uncorrected. Elemental analyses were measured with a Vario EL III analyzer. IR spectra (4000-400 cm -1 ), as KBr pellets, were recorded on a Nicolet FT-IR 510P spectrophotometer. All reagents were obtained from commercial suppliers and were used without further purification.
General procedure for the preparation of compounds
Mannich bases were prepared by the Mannich reaction of substituted acetophenone and benzotriazole 13 and two isomers, viz. 1H-and 2H-substituted (scheme 1), were found in the products, with the former being the majority. The 1H-and 2Hsubstituted products were isolated by column chromatography. To a 250 mL of flask were added 0⋅02 mol of intermediate 1H-substituted products in 50 mL of acetic acid and 0⋅04 mol of sodium acetate. Then 0⋅02 mol (3⋅2 g) bromine was added dropwise with stirring at the room temperature. The reaction was maintained until the mixture was turned into colourless for about 4 h. Then 50 mL of water and 20 mL of chloroform were added. Organic layer was successively washed with saturated sodium bicarbonate solution and brine, and then dried over with anhydrous magnesium sulfate to afford the intermediate. Triethylamine (2⋅8 mL, 0⋅02 mol) was added drop-wise to the stirring solution of intermediate (0⋅02 mol) and carboxylic acid (0⋅02 mol) in acetone at 0°С. The mixture was stirred another 5 h in ice-water bath, then filtered and the filtrate concentrated gave a crude product which was poured into a saturated sodium chloride solution followed by extraction with chloroform. The combined organic extracts were washed with water, dried with MgSO 4 and filtered. Removal of the solvent gave the residue, which was chromatographed on silica to afford the desired products of compounds 1-27. 
Crystallographic study
Crystal data were collected at low temperatures using a BRUKER SMART 1000 CCD area diffractormeter. Empirical absorption correction was carried out by using the SADABS 20 program. All the structures were solved by direct methods and refined on F 2 by full-matrix least squares techniques with the SHELXTL 21 software package. All non-H atoms were anisotropically refined. Hydrogen atoms were added according to the theoretical models. Atomic scattering factors and anomalous dispersion corrections were taken from International Tables for X-Ray Crystallography. 22 Crystallographic data (excluding structure factors) for the structure reported in this article have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication CCDC no. 647812 for the compound C 16 H 15 N 3 O 2 . Copy of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB1 1EZ, UK (Fax: t44-1223/336-033; e-mail: deposit@ccdc.cam. ac.uk).
Antibacterial activity
The antibacterial activities of the synthesized compounds was tested against B. subtilis, S. aureus, S. faecalis, E. coli, P. aeruginosa and E. cloacae using MH medium. The MICs of the test compounds were determined by a colorimetric method using the dye MTT. 23 A stock solution of the synthesized compound (50 μg/mL) in DMSO was prepared and graded quantities of the test compounds were incorporated in specified quantity of sterilized liquid MH medium. A specified quantity of the medium containing the test compound was poured into microtitration plates. Suspension of the microorganism was prepared to contain approximate 10 5 cfu/mL and applied to microtitration plates with serially diluted compounds in DMSO to be tested and incubated at 37°C for 24 h. After the MICs were visually determined on each of the microtitration plates, 50 μL of PBS containing 2 mg of MTT/mL was added to each well. Incubation was continued at room temperature for 4-5 h. The content of each well was removed, and 100 μL of isopropanol containing 5% 1 mol/L HCl was added to extract the dye. After 12 h of incubation at room temperature, the optical density (OD) was measured with a microplate reader at 550 nm. The observed MICs were presented in table 2.
Results and discussion
Synthesis
There are two isomers of 1H-and 2H-benzotriazoles in solid state equilibrium (scheme 1). While 2Hsubstituted perhaps surprisingly being of the same order of stability as 1H-substituted and often the isomers 1H-and 2H-substituted show the same reactions. 12 Mannich bases were prepared by the Mannich reaction of substituted acetophenone and benzotriazole 13 and two isomers, viz. 1H-and 2Hsubstituted (scheme 1), were found in the products, and were isolated by column chromatography, with the former being the majority (the yield is more than 90%). The proportion of these two isomers depended on substituent on the acetophenone molecule and the reaction conditions. Acetophenones with electrondonating group on benzene ring gave more 2Hsubstituted product than those with electronwithdrawing substituted group. The same result was observed when the reaction temperature is lower. Even if under its best conditions, the yield of the 2H-substituted is still low, always less than 10 percent. The 1H-and 2H-substituted products were isolated by column chromatography and identified from each other by solution ultraviolet spectra or X-ray single-crystal diffraction analyses. It seems that 1H-substituted product show an absorption band at 250 nm with broad absorption extended to 330 nm, whereas 2-benzotriazole derivatives show one absorption band at 250 nm and other structures band at 280 nm (figure 1). The structure of the isomers can be obtained using X-ray single-crystal diffraction analyses (figures 2 and 3) .
The synthesis of compounds 1-27 is illustrated in scheme 1. 1H-Benzotriazolylpropanone and 2Hbenzotriazolylpropanone were prepared according to the reported methods. 15 Bromine substituted benzotriazolylpropanone was obtained in the presence of sodium acetate and acetic acid when the ratio of 1H-benzotriazolylethanones and sodium acetate was 1 : 2, the reaction temperature is decreased to 30°C and furnished the monobromide. Using triethylamine as the binding acid reagent, compounds 1-27 were obtained at room temperature, in good yields [16] [17] [18] (scheme 1). After the succeeding brominating reaction of these products, the substitution reaction of the 1H-substituted products is very easy, but the reaction of the 2H-substituted products is quite a hard progress. 5 show the molecular structure of compound 1 and its packing arrangements in unit cells. The summary of the crystal data, experimental details and structure refinement for compound 1 are listed in table 1. The bond lengths and angles fall within normal ranges, 19 and are comparable with those in each of the compound. Most bond lengths in the molecules are between the single and double bonds, which shows high π-electron delocalized and a large conjugated system formed. The bond lengths of C-N are in the range of 1⋅357-1⋅453 Å, shorter than the single bond length of 1⋅48 Å and longer than the typical C=N distance of 1⋅28 Å, indicating Table 1 . Crystal data and structure refinement parameters for 1.
Description of the crystal structure
Compound 1
Formula
293 (2) partial double character. This can be interpreted in terms of conjugation in the heterocyclic. The C7-C8-C9 angle is 113⋅99(18)° for 1, respectively, determined by sp 3 hybridization state of C8 atom. The benzotriazole moieties are essentially planar, with dihedral angles of 0⋅99 (13)° between the triazole ring and C1-C6 benzene ring, and make dihedral angles of 62⋅35(9)° with the C10-C15 benzene rings in 1, respectively. In addition, the dihedral angle between the N4/C17-C21 pyridine ring and the plane benzotriazole system is 82⋅77(12)°. The results show that the benzotriazole and pyridine molecule are not plane. In the solid state, one carboxyl oxygen atom of nicotinic acid forms an intermolecular hydrogen bond with the carbon atom of another compound 1, the donor and acceptor distance C7…O3 is 3⋅005 Å (symmetry code: -x, 1/2 + y, 1/2 -z], the whole molecules are linked into infinite chains along the c axis by intermolecular hydrogen bonds.
Antibacterial assay in vitro
All the compounds prepared were evaluated for their antibacterial activities against three Gram positive bacterial strains (B. subtilis, S. aureus and S. faecalis) and three Gram negative bacterial strains (E. coli, P. aeruginosa and E. cloacae) activities by MTT method, and the results are shown in table 2.
As showed in Besides, compounds 16 and 19 displayed potent activity with MIC values of 1⋅56 μg/mL against S. faecalis, which were comparable to the positive control penicillin, Compounds 4 and 24 showed moderate activity with MIC values of 3⋅12 μg/mL against S. faecalis. Other compounds showed activity against S. faecalis, with the MIC values of 6⋅25 -50 μg/mL. From table 2 we can also find that compounds 4, 15, 22 and 24 showed significant activity with MIC values of 3⋅12 μg/mL against E. coli, which were comparable to the positive control kanamycin, and compounds 2, 6, 9, 14, 17, 19, 21, 26 and 27 exhibited moderate activity against E. coli with MIC values of 6⋅25 μg/mL. Compounds 17 and 19 exhibited significant activity with MIC values of 3⋅12 μg/mL against P. aeruginosa, which were comparable to the positive control kanamycin. Besides, Compounds 5, 16, 19, 23 and 26 exhibited activity with MIC values of 6⋅25 μg/mL against E. cloacae, which were comparable to the positive control kanamycin. The mechanism of antibacterial activity of the synthesized benzotriazole derivatives is under study, and will be reported in due course.
Conclusion
In this paper, a series of benzotriazole derivations were synthesized and their chemical structures were confirmed by means of 1 H NMR, IR and elemental analyses, and one of them was determined by single crystal X-ray diffraction analysis. The compounds were assayed for antibacterial (B. subtilis, S. aureus, S. faecalis, P. aeruginosa, E. coli and E. cloacae) activities by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide) method. Among the compounds tested, compound 3-Benzotriazol-1-yl-1-(4-bromo-phenyl)-2-[1,2,4]triazol-1-yl-propan-1-one (19) showed the most favourable antibacterial activity against B. subtilis, S. aureus, S. faecalis, P. aeruginosa, E. coli and E. cloacae with MIC of 1⋅562 μg/mL, 1⋅562 μg/mL, 1⋅562 μg/mL, 3⋅125 μg/ mL, 6⋅25 μg/mL and 6⋅25 μg/mL respectively. Further SAR and mechanistic studies on this new class of compounds are currently under active investigation and will be reported in due course.
